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Fertilization of Apple Orchards, II *
Further refinement in the different operations involved in pro-
ducing better fruit cheaply will center attention more and more upon
the care of the orchard. The great variety of conditions under which
apples are grown in West Virginia make it difficult to determine
with assurance what are the best cultural practices. An attempt has
been made in the experiments reported here to obtain information as
to the influence of certain orchard practices upon the tree under dif-
ferent methods of care. These experiments have been in progress
for a sufficient length of time to indicate the general bearing of the
different variables in the treatment upon both growth and produc-
tion.
This bulletin in part is a continuation of the experiments first
described in Bulletin 174 of this station (Alderman and Crane, 1920).
In the St. Marys, Sleepy Creek, and Rome experiments the growth
and yield records are given completely for the entire period of in-
vestigation. The results of the first seven years of the Cultural Ex-
periment are given here for the first time. It will be seen from the
general trend of the first three experiments that considering the
results for the entire period certain changes in the recommendations
appear justified.
RESULTS OF THE MORE RECENT EXPERIMENTS IN
APPLE FERTILIZATION
A number of experiment stations have reported the results of
studies on apple fertilization since West Virginia Bulletin 174 was
published. Without going into detail it may be stated that the gen-
eral tendency of the later results is much the same as those reported
earlier. Nitrogen has been the only fertilizer to which the apple
has, in general, given a profitable response. Anthony and Waring
(1922), in Pennsylvania, found results comparable to those of Hed-
rick (1914), in which sod plots showed a marked response to nitro-
genous fertilizers while cultivated plots where cover crops were gro", :i
did not. In Maine, Sax (1925) reported similar results. Likewise, in
Ohio, Ballou (1920 and 1925) drew similar conclusions except that
he found an increase in yield in some cultivated orchards which
*At the time this manuscript was prepared the senior author, Dr. M. J. Dorsey, was
head of the Department of Horticulture, which position he resigned September 1, 1925.
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was less marked than in sod. In his experiments in the sod plots
in one orchard, phosphorus also increased the yield, presumably by
increasing the growth of clover that later supplied the nitrogen to
the trees. In the New Hampshire tests, (Gourley 1919), increased
growth resulted from the use of nitrogen-carrying fertilizers but
there was no increase in yield during the first ten years of the ex-
periment, 1908 to 1918, but at the time of this writing, according to
Chandler (1925), nitrogen was beginning to show beneficial effects
following further depletion of the initial fertility. In Massachusetts,
Shaw (1924) found that trees growing in sod and receiving nitrogen
produced a better growth than cultivated trees without nitrogen.
Cooper (1920), in Arkansas, reported a larger set of fruit follow-
ing nitrate applications. In New York, (Collison 1920, Collison
and Harlan 1923) no fertilizer has produced any beneficial results
in any of the cultivated orchards studied. Hedrick and Tukey
(1924) said regarding one orchard, "when we come to sum-
marize the effects of the fertilizer treatments in the orchard, we are
forced to conclude that they have made absolutely no impression
upon the behavior of the trees." The soils in these orchards are
deep and fertile. Lyon, Heinicke, and Wilson (1923), in an orchard
of young Delicious trees at Ithaca, New York, obtained marked
results in growth in sod plots from the use of nitrate of soda.
Turning now to the Pacific Northwest for additional data we
find that Morris and Larsen (1921), in tests made in the Wenatchee
Valley, found very good results from the use of nitrogen-carrying
fertilizers in orchards which had been clean cultivated for several
years, but no pronounced results in orchards in which a good cover
crop had been grown for more than three years. No evident re-
sponses have been observed from applications of either acid phos-
phate or potash. Lewis, Reimer, and Brown (1920) report similar
results in Oregon.
In summarizing briefly the results on apple fertilization in other
states, it can be said that apple trees in sod generally need nitro-
genous fertilizers for maximum production while apple trees under
cultivation may or may not, depending on the fertility of the soil.
Acid phosphate seems to be valuable in stimulating cover crop
growth only. Applications of potash nave shown no favorable re-
sponse. It will be seen later that the West Virginia experiments,
in general, corroborate those summarized above.
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THE WEST VIRGINIA EXPERIMENTS
The main features of the four experiments reported in this
bulletin are given in the following order: (1) The St. Marys Experi-
ment which is located in the orchard of Mr. L. E. Reynolds, three
miles from the city of St. Marys, Pleasants County, on the hills
adjacent to the Ohio River Valley; (2) The Sleepy Creek Experi-
ment with Grimes, Pen Davis, and Yo rk
; (3) The Rome Experiment
at Sleepy Creek; and (4) The Cultural Experiment on the Horticul-
tural Farm near Morgantown. The twr; Sleepy Creek experiments
are located in Morgan County in the orchard now owned by the
American Fruit Growers, Incorporated. These experiments, there-
fore, are located in the fruit centers of the state and include different
soil types in each instance.
The St. Marys Experiment
This experiment was started in the spring of 1911. The trees
were twenty years old, of the Rome variety, and were making
only irom one to three inches of terminal growth each year. At the
time the experiment was started the trees were filled with dead
branches and seemed to be upon the verge of starvation. The first
season the orchard was thoroughly pruned, sprayed, and cultivated.
The soil type is a Dekalb silt loam which is generally recognized
as one of the poor soil types of the state. Beginning with plot 2,
the soil in this particular location becomes progressively poorer
toward Plot 10. This fact should be kept in mind in studying the
data from this experiment. When the plots were laid out the orchard
had not been cultivated for some time and supported only a meagre
growth of grass or weeds. The general condition was such as to fur-
nish an excellent opportunity to study the influence of the different
fertilizers when applied to devitalized trees growing in poor soil.
The experiment included ten rows or plots with twelve trees per
plot making a total of 120 trees. Each plot received the following
applications of fertilizers in pounds per tree: Plot 1 and 6 muriate
of potash 2.08 pounds, and acid phosphate 7.8 pounds
;
plots 2 and
7 nitrate of soda 2.6 pounds, acid phosphate 7.8 pounds, and muriate
of potash 2.08 pounds ; Plots 3 and 8 nitrate of soda 2.6 pounds, and
acid phosphate 7.8 pounds ; Plots 4 and 9 nitrate of soda 2.6 pounds,
and muriate of potash 2.08 pounds; plots 5 and 10 were checks and
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received no fertilizers. The applications were made at this rate
until 1915 ; since then the amount given to each tree has been doubled.
In 1911, sulphate of potash was used instead of muriate, and in 1916
and thereafter until 1920, the use of potash was discontinued because
of the shortage during the war.
The cultivation which was used at first after the period of neglect
was continued until the fall of 1917 when the entire block was seeded
to red clover. This crop was plowed under the following spring.
In the fall of 1918, the block was again seeded to red clover. Cover
crops of cowpeas were grown in 1911, 1912, 1914, and 1917. With
the exception of 1911, the crops of cowpeas were light and hence
did not furnish a good cover. Following 1918, a volunteer crop cover
of natural vegetation, made up of grass and weeds, was allowed to
stand. This growth was heaviest in the plots receiving acid phos-
phate or nitrogen and was cut once or twice each season and left
on the ground. No cultivation was practiced after 1918 on account
of the severe washing in some parts of the orchard. After this ex-
periment was under way, Plot 1 was discarded since it became evi-
dent that it was an outside row and hence was more favorably
located than the other plots. This report covers the period from
1911 to 1924, or fourteen seasons, but only ten crops.
The Sleepy Creek Experiment
This experiment was started in the spring of 1913, in the orchard
of S. H. Fulton, now owned by the American Fruit Growers, In-
corporated. The soil is a shallow Holston loam with a shale subsoil.
The humus content was low and during dry periods in summer the
trees often showed a moisture deficiency. The part of the orchard
in which this experiment was located was planted in blocks of five
rows each of Grimes, Ben Davis, and York. The ten plots of the
experiment run crosswise of these varieties, making five trees of each
variety in each treatment. The plot arrangement was similar to the
Rome experiment but two additional check rows were added. The
different combinations of fertilizers and the rate of application from
1913 to 1924, inclusive, are given in Table 1.
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TABLE 1.—Fertilizer Applications and Plot Treatments in the
Sleepy Creek Experiment with Grimes, Ben Davis, and
York.
Treatment
Fertilizer Application in Pour ds per Tree**
Plot 1913-1919 1920 1921-1922 1923 1924
1 Check
2 1.5
2.5
3.0
2.5
4.0
8.0
5.0
8.0
6.0
10.0
3 Nitrate of soda 1.5
1.0
3.0
1.0
4.0
1.5
5.0
1.5
6.0
Muriate of potash* 2.0
4 Nitrate of soda
Acid phosphate
1.5
2.5
1.0
3.0
2.5
1.0
4.0
8.0
1.5
5.0
8.0
1.5
6.0
10.0
Muriate of potash 2.0
5 Acid phosphate
Muriate of potash
2.5
1.0
2.5
1.0
8.0
1.5
8.0
1.5
10.0
2.0
6 Check
7 Nitrate of soda 1.5 3.0 4.0 5.0 6.0
8 Acid phosphate 2.5 2.5 8.0 8.0 10.0
9 Muriate of potash 1.0 1.0 1.5 1.5 2.0
10
|
Check
*No potash was added for the three year period beginning with 1916 on account of the
shortage during the war.
**Applied at time of blooming.
It will be seen that the amount of the fertilizers added was in-
creased after 1920. This seemed advisable on account of the relative-
ly light applications made during the first seven years of the ex-
periment and because of the increased size of the trees which was
accompanied by a reduction in the terminal growth. While the
amount of nitrate of soda applied (1.5 pounds per tree), during the
period of this experiment reported on in Bulletin 174, 1913 to 1919
inclusive, was small for trees nine to sixteen years old, it will be
seen by referring to Table 5 that the terminal growth during these
years was adequate.
The orchard in which this experiment was located was cultivated
each year. In late July or early August a cover crop was sown
annually; some seasons this was good and others light. From 1919
to 1922, inclusive, red clover was sown. Since then rye has been
used. The planting distance was 25 feet each way. It will be seen
W. VA. AGR'L EXPERIMENT STATION [Bulletin 203
3»!J;
^ K. UQ fc*> ^0- ">£•* fc«s 5»b S* 1? X
S* ^_^
August, 1926] FERTILIZATION OF APPLE ORCHARDS 9
from Table 5 that the trees were making a satisfactory growth at
the beginning of the experiment. From the first this orchard was
plowed each year in early spring with frequent cultivation later with
disc or harrow. In later years in certain parts of the orchard soil
erosion was serious and more recent plowings, especially the last
one, resulted in rather serious root cutting on trees in the shallower
soils (Dorsey and Knowlton 1924). The cultivation was in one di-
rection, following the contours, until in the last two years when cross
cultivation was also practiced. A contour map of this experiment is
shown in Figure 1.
These trees were pruned to the open head system with five to
seven scaffold limbs. In 1915, the terminal twigs were headed back
which resulted in thickening the top. Since then some thinning out
of the top has been necessary. This kind of pruning gave a type
of tree which was sufficiently open but which was inclined to have
long branches with laterals too far away from the head.
The Rome Experiment
This experiment was started at Sleepy Creek in the orchard of
S. H. Fulton in 1911. On account of the fact that the experiment
at St. Marys was also with Rome, but with older trees, this experi-
ment was referred to in Bulletin 174 as the "Young Rome Experi-
ment." Since this term might be misleading now, it will be referred
to in this bulletin as the Rome Experiment. The trees were only
one year old at the time the first fertilizer applications were made.
The planting distance was twenty-four feet on the quincunx plan.
The soil in this plot is classified as a Holston silt loam, and was
fairly high in fertility, as shown by the following analysis taken from
Bulletin 168. In parts of 2,000,000 pounds of soil at plow depth,
nitrogen ran 2,110 pounds, phosphorus 608, and potassium 22,840.
The initial fertility may be partly accounted for by the fact that this
orchard was planted in "new ground."
The amounts of each fertilizer were increased in 1921. As in
the other experiments no potash was applied for the three-year period
beginning with 1916.
Cultivation has been practiced each year since the orchard was
started. The intercrop the first two years was corn. Since then
clover, or that failing, a growth of weeds was allowed to cover the
ground in late summer and fall and plowed under in the spring.
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TABLE 2.—Plot Arrangement, Treatment, and Rate of Application
of Fertilizers in the Rome Experiment at Sleepy Creek.
Plot Treatment
Fertilizer Applications in Pounds per Tree*
1911-13 .1914-15 1916-19 1920 | 1921-24
1 Nitrate of soda .75
1.25
.75
.50
.75
1.25
.50
1.25
.50
.75
1.25
.50
1.00
1.75
1.00
.75
1.00
1.75
.75
1.75
.75
1.00
1.75
.75
1.5
1.5
2.5
1.5
2.5
2.5
1.5
2.5
1.5
1.5
2.5
1.0
1.5
2.5
1.0
2.5
1.0
1.5
2.5
1.0
4
Acid phosphate 4
2 Nitrate of soda
Muriate of potash
8.0
1 5
3 Nitrate of soda 4
Acid phosphate 8
Muriate of potash 1 5
4 Acid phosphate 8.0
Muriate of potash 1.5
5 Check
6 Nitrate of soda 4.0
7 Acid phosphate 8.0
8 Muriate of potash 1.5
*Applied at time of blooming.
During- the years 1919 to 1923, red clover only was sown as a cover.
In 1924, the plots were seeded to crimson clover. The cover crop
growth was not sufficiently heavy, in general, to account for the
uniformity in tree growth and the trees to date have not been suf-
ficiently productive to draw heavily upon the relatively high initial
fertility. The close planting even with the size of tree now reached
has no doubt made it possible for cross feeding to take place between
the plots. If this has taken place it has made no difference between
the general appearance of these trees and the others in the orchard
immediately adjacent. Because of this possibility however, and
because there is but one check plot, the experiment has been dis-
continued.
In the earlier years of this experiment some heading back was
practiced. This resulted in a relatively thick growth in the top.
Since then the pruning has been light and has consisted, for the
most part, of thinning out.
August, 1926] FERTILIZATION OF APPLE ORCHARDS 11
Cultural Experiment on the Horticultural Farm
The cultural experiment at Morgantown was started in the
spring of 1917 with the object of making a study of some of the
different systems of orchard management in use in West Virginia.
The project was planned to study the variations encountered in the
two general methods of orchard culture, namely, permanent sod and
cultivation. Mine drops occurred in Plots 2, 3, and 4 in 1923, and
a fire was accidentally set during the spring of 1923 in Plots 10 and
11. These two accidents made it necessary to discontinue this ex-
periment according to the original plan.
The general plan of this experiment can be seen in Table 3,
where the treatment of each plot is given. In plots 1 to 4 annual
cultivation with a cover crop, either leguminous or non-leguminous,
was practiced each year. In these plots manure, nitrate of soda, and
acid phosphate were entered as variables. Plots 5 and 6 were inter-
mediate between cultivation and a permanent sod. In the six plots
remaining, the treatments called for a permanent sod of either grass
or alfalfa, in which fertilizers, manure, and mulch were entered as
variables. In this series, the trees were subjected to treatments
in which the moisture and nitrogen relations were varied in several
ways.
The trees in this experiment were trained, for the most part, to
four scaffold limbs with a central leader bearing three or four later-
als. The head was formed approximately twenty inches from the
ground with the second story from thirty-six to forty-eight inches
above the main scaffold branches. An attempt was made to prune all
plots uniformly each season, but it was necessary to cut somewhat
heavier on the cultivated plots because of the greater growth of
both laterals and water sprouts. The kind of pruning can best be
described as a light to moderate dormant pruning. The trees were
planted thirty feet apart each way on the diagonal and when set
were one year old and were carefully selected for uniformity.
The cultural program was for the most part, carried out as
scheduled. Some variations, however, were necessary. In Plot 5,
where it was planned to have sod and cultivation alternate in the
rows, it has been difficult to get an even stand of grass during dry
seasons. On account of this the treatments were not alternated an-
nually as planned, but were alternated biennially. This resulted in
a rather uneven growth of the cultivated and the sod sides of the
12 W. VA. AGR'L EXPERIMENT STATION [Bulletin 203
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trees. An error was made in the application of manure in 1923
to plot 3, when row 5 of Plot 2 and row 6 of Plot 3 received the
application instead of rows 6 and 7 of Plot 3. The grass was cut three
times each season in the sod plots and left on the ground as it fell.
The strip cultivated in the tree row in Plot 6 was twelve feet wide.
In Plot 11, the mulch of wheat straw was four to six inches thick and
was about ten feet in diameter. The alfalfa in Plots 7 and 12 grad-
ually became thinner after seeding, but was not renewed during the
period of this report. The applications of nitrate of soda, acid phos-
phate, and manure were made evenly over the entire area of the
plots.
THE EFFECT OF FERTILIZERS AND CULTURE ON
GROWTH
The response of the trees in these experiments to the different
treatments was determined each season by measuring the growth
of the terminal twigs and the enlargement of the trunk. In addition
to these two measurements, the size of the trees in the different plots
of three of the experiments was determined at the end of the period
reported upon. These three indices of tree response were selected
as a means of comparing the growth under a given treatment with
that of the checks or of another treatment. The data under these
three headings are presented in the foregoing order.
Terminal Twig Growth
In taking the terminal twig measurments presented in the fol-
lowing tables, ten terminal twigs were selected at random from the
limbs around the sides of each tree in a plot. In making the measure-
ments in the orchard a fifty foot cloth tape was found to be most
convenient because at the tenth measurement the total could be
read directly and entered into the records. The average length of
the terminal growth was computed for each tree. From these aver-
ages, the average twig length for the plot was then obtained.
The St. Marys Experiment.—Twig growth measurements were
not taken on all of the trees of the St. Marys experiment untilT918,
although data were presented in Bulletin 174 on the growth rate jf
twigs in Plots 2 and 5, for the years 1911 to 1919 inclusive. The
earlier results showed a marked increase in growth in check Plot
5, as a result of the rejuvenation treatment, but there was a still
greater growth, averaging three inches more, in Plot 2 which re-
ceived a complete fertilizer.
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TABLE 4.—Effect of Fertilization on Terminal Twig Growth in the
St. Marys Experiment.
Average Shoot Growth in Inches per Plot Based
Plot Treatment on Ten Growths 3er Tree Av'ge.
1918
|
1919 1920 1921 | 1922 1923 1924
2 N P K 10.20 1 7.16 8.45 3.33 4.73 4.24 3.23 | 5.90
3 N P 9.70 1 7.36 7.71 2.86 3.88 3.50 2.33 1 5.33
4 N K 9.60
{
5.68 6.60 2.94 3.94 3.72 2.87
|
5.05
5 Check
|
6.20
|
3.34 4.22 1.51 1.71 1.64 0.95 | 2.79
6 P K 7.30
|
4.60 5.35 1.98 1.90 1.85 0.91 3.41
7 N P K 9.80
|
7.06 8.57 2.67 4.09 3.23 1.87
|
5.33
8 N P 10.20
|
6.99 8.60 2.83 4.60 2.95 1.73 | 5.41
9 N K 1 9.30
|
6.66 6.30 2.85 3.30 3.13 1.72
| 4.75
10 Check | 6.20
|
3.59 3.33 1.23 1.23 0.99 0.65 | 2.46
The complete record of terminal twig growth in the St. Marys
experiment, from 1918 to 1924, is given in Table 4. The results show
substantial increases for all plots receiving nitrate of soda (see Figure
2). Plot 6, to which acid phosphate and muriate of potash were ap-
plied, made terminal growths slightly better than the adjacent check.
The odds, however, calculated by Student's method (Student 1918,
Love 1924), were 87:1, which indicated a significant difference.*
The best plot in the experiment was number 2, which received a com-
plete fertilizer. It was on lower ground and undoubtedly had more
fertile soil. When the terminal growth made in the last four years
of the experiment is compared with that of the earlier years after
the treatments were begun, it will be seen that there was a marked
reduction in twig growth. In the nitrated plots this reduction in twig
growth accompanied increased production, lighter pruning, and also
a larger size of tree. In the plots not receiving nitrogen the decreas-
ing growth undoubtedly indicates progressive stages in soil exhaus-
tion.
The Sleepy Creek Experiment.—In Table 5, the average terminal
shoot growth is given for 1913 to 1924, the period when these trees
were from nine to twenty years of age. The measurements were
not made in 1915 on account of the heavy pruning given the trees
that year. The average growth under each treatment for the entire
period was not computed, as the rather wide differences in annual
growth make this figure of little value.
'Odds of 87 :1 mean that the odds are 87 to 1 against the possibility of a difference as
great as this occurring due to chance alone. These odds must be at least 30 :1 to be sig-
nificant.
August, 1926] FERTILIZATION OF APPLE ORCHARDS 15
*
ts
*
5:
s
*
*
<K
£
$
*
i
$ 1
«
a
x
ui
5s
iZ
S<)l/otJ/ &
16 W. VA. AOR'L EXPERIMENT STATION [Bulletin 203
4-*
d
Odds
in
Favor
of
the Check © ©
rH 00
rH
§
u
<u
a.
24
S* 1
Oil "
H
rH rH rH t-l rH
tO LO OS © 00(DNHH
to
rH
rH rH rH rH H H Pi
OS U5 tO IC5 OS OS [>
NI>T)<„; OS -# gi
rH •* M Tj< CO "
CM
HHH d rH CJ
CO CN CO > N >>NNH J) la gj
a>
Si
s-
O
CO£
5
o
L.
a
c
0)
r-
c
o
a
a>
CO
(0
CO
•M
° 0)
0. «
CO Q.
V£ «2
c°
_
o
CO)
x:
1
o
a
!->
O
o
JC
CO
V
ra
CO
t_
u
>
<
CM
en
CO
C\J
en
CM
CM
en
CM
en
o
CM
O)
U3 t- M to OO 00 O * N *CMCMOOcq-^CXIt-^COt- OOCNJCOOOTtlCNIUit-lClrHC-NlOTt'OSCNloOC^lt© •<tfi©cNit-c<)oo©©CN)©t-OrHt-coirqioc^Josas
>>
-*lLOCNlLnCNlCOCO<Nl<M<M lOLdidtdcooo^cococN CO^LOTfiCOcO-^C^rHCN
0)
a> HtO-*00 01t-N10MH
ioiOLo-<*iTti-^ioeoeocN)
-^OOCNOcqOcoOt-
*00(»eONlONTj<M(N
IO •* ^ * ^* * ^' ^' M *'
o-*ooo'*'*eo',*ootoNH^MNMlOCflCftt-
<*-*CO'^COc^cdc^'rHCO
a>
£3
t0(DOOOO00N(0(0U5NNI!0(ei»NO»OOlrlM^OOOcOt-OlOI^OOMffiMHHMWlO T)l O 00 •* to to oo O (D O0t-OOOONtOt-COMOl
5
WHNoOOS'OOWWt-
rH rH
O) oo to o to <C Oi t- w t>
rH rH
^j<t--t-to"*cototoeo'*i
+-
o
u
P-
M
H
I-H
d
•**
s
J-i
(U
H
t>MIOOIMl>OH©N
* lO OO ID t> M U5 * lO CO
ooioooot-oot-oooooo
NOlONOOOOSDOOOt-W'flKMHlOINOOloOtO
tooot-c-iriTticoco-^cq
ooooonoohmno
t> tS t- H OS IN 0O t- CO rl
coootooocMcsito-*eoeo
OOlOt-^OOWNMN N •* N OO IM (C N lO O t-
*t-M05HHtD'*ffliHiO'*-*00«0O00Ol>H
doJoddaiaiddditooJoJooVteooiO'*'*
T-H r4 rH rH rl rl H
©CMt00000Tt<t-O"^t0t-WOOMOONOOt-t-
^idrJHldcOCOt^-^COCO
en
(Ncot-cM-^t-irqcocMco
<N| <* 00 t-; i-J © OS rH SO 00
tdt^ooost-tdootd-'^t©
OOO^OOOOOIB^O
OrHt-;rHrHt-;lLOO-*00
tot^ososooidoocd-DHid
ON-*OTt<tOOOOT)llO
LO-^OtDCSOrHt-CNIinCN
K2t^oicjJLd-*t^TiH-*in
00
en
t-COOlOtSlOlOOONO
mooco t-otooocq»o
cdo6o6aic-^t--ait©'Ldtd
toq^wtoqiowMN
i>6ddrioddo6i>t>
rH rH rH rH rH
tOrJHtOOOOlOOOOH^tftO^HNOtOOl
tdt^oot-^tdtdtdid-"*-*
d
o
d en
ooiootoot-ooocqqt-t-MOi>Ni>c»ai
oJoaicNioaJi-HaJodo
rH rH rH rH rH
ONONMNOSBWOO
t> * lO 00 * 00 SO O) H tC
© i-i i-i ©' © ©' rH l-i ©' ©HHHHHHHHHH
to * n to to to o to 00 t-COHt-t-tOCflfOtO^US
©NrHrHOSOSrHOSoioS
rH rH rH rH rH
ctf
N
CO
en
CNle<IC\lCNllC500COC<ltO-'*i
OONOOMHHHOIOOOiHNHNINlNNHHN
-*tOOtOtDOOOOtDOT)<
tO^lO OSCOt-tOtOHNOO
lOOOOOJt^CftlNHCfltO
rHCMrHrHrHrHCCICMrHrH
Tt<-*l0000CNlt0O-<*00O
tO 00 * N CO rl lO O 00 rl
OCtlHHOJC!5Cqt>tOOO
S<lC<lCNlCOrHrHCNIrHrHrH
en
©COOrHrHt-OtO-^OOWt-tDtDCOCOCOCslOM woooowt-towNtoiorHCOtOLCS©t--'tf<C5S00CO N NtO"*OCOONHHOOOt-COHt-t-lOtOH
<HH
o
OOOIOOMHHOOOHH T-HrHrHrHrHrH ftOfflOHHNHOOrH HHHHHHH i'COHHTtiiaHOtDHHHHHHHHH r-{
H->
o CO OMt-l>«Ot>IMO'!f OSMwowooeotou)t>oo o^ooNOtoooiacq(NOHtOHlO^HNN 00t000tO00-^U5CNl'>*t-t-ONlOOHOOMCOH
«+H
rH rH rH rH rH rH rH
HNOHHOHH00l>
r-{r-tr-{-r-ir-\r-<r-i-r-i
t-lO^HNCOOOOXO)
r-t rH rl rH r-i rH r-\
1
H
ffl
<
+J
c
co
£
+»
re
V
L.
H
o CM bed bd O O® P-l <W ^ Oj M CD
•S fc IZ a, -^ -^ ^ fc , a, -^ • -^
o
Q.
HNM^lOSDNOOcnO
rH
rHCNICO'*l '^>tOt-OOOiO
v-4
HNCO^LOtOt-OOCDO
X)8ME A S3UIIJ0 siabq usg >fJ0A
August, 1926] FERTILIZATION OF APPLE ORCHARDS 17
The responses to the different treatments were studied by Stu-
dent's method. In using- this method a "theoretical or calculated"
check was made the basis of comparison, that is, each check was
computed from the values of the two nearest checks, the value being-
proportional to the relative distances from the plot to be compared.
When comparisons are made in this way and the odds computed, it
will be seen that the only consistent responses to fertilizers have
been made by Ben Davis. In this block all applications containing
nitrate of soda showed significant increases in twig growth. In the
Grimes block the plot to which nitrate and phosphate have been
applied is the only one that showed a significant increase. In the
York block only the nitrate plot showed a significant response. It
should be noted, however, that all plots receiving nitrate showed odds
in favor of the treatment. This is not true for the plots receiving
potassium or phosphorus.
The Rome Experiment.—The average terminal twig growths in
the thirteen-year-old Rome block at Sleepy Creek are shown in Table
6. Unfortunately this experiment has but one check plot. Because of
possible differences in soil it was thought best to make comparisons
between contiguous plots only.
When these comparisons were made by Student's method, no
treatment in this experiment showed a significant increase over the
adjacent one. It will be remembered, however, that the soil in this
orchard was fairly fertile and that the orchard was cultivated. When
it is considered that twig growth on the checks averaged more than
twenty-four inches at the beginning of the experiment in 1914, and
more than nine inches when the trees were twelve years old in 1923,
it is not surprising that increased growth did not result from the
fertilizer applications.
The Cultural Experiment.—In this experiment the influence of a
number of treatments on terminal twig growth can be studied in
Table 7. Sod Plot 10 was used as a basis of comparison and the
odds were calculated according to Student's method. Reference is
made to both varieties in the discussion of results at the end of
this bulletin.
All other treatments gave significantly better growth than did
sod. A legume cover crop in Plot 1 with Wealthy gave more termi-
nal growth than the non-legume cover crop in Plot 2 (63:1). With
Delicious the odds are hardly significant (25:1). These results are
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surprising because the cover crop growth in Plot 1 was not heavy
and do not agree with those of Oskamp (1920) in Indiana, where
rye proved to be a much better cover crop as measured by the or-
ganic matter and nitrogen returned to the soil and by the tree growth.
With Delicious in this experiment manure did not give a signifi-
cant increase in growth (14:1) in Plot 3, when comparison is made
with Plot 2, to which manure was not applied, but which received the
same care otherwise. With Wealthy, however, there was a signifi-
cant increase (75:1) from the use of stable manure in Plot 3.
In comparing Plots 2 and 4, Delicious showed a significant dif-
ference (36:1) in favor of the nitrate and acid phosphate applica-
tions as did also Wealthy (30:1). At the time of writing this man-
uscript (June 1925) very slight, if any, differences could be noticed
in the four cultivated plots of this experiment. The trees in Plots
3 and 4 may have had slightly darker green foliage.
Cultivation along with nitrate and acid phosphate in Plot 4 gave
no better growth than when these same fertilizers were applied to
sod in Plot 8, the odds being 2:1 with both Delicious and Wealthy.
In this experiment where manure was applied to a cultivated plot
it did not give significantly better growth than where applied to
sod with either Delicious or Wealthy. The soil, however, is slightly
better in all the sod plots. These results indicate that vigorous
tree growth can be secured and maintained at least up to bearing
age in sod orchards by applying nitrate of soda in sufficient quan-
tities.
When applications of nitrate of soda and acid phosphate to Plot
8 in sod are compared with manure applications in Plot 9, there seems
to be a significant difference in favor of the former with Delicious,
(42:1), but not with Wealthy, (1:1). Sod with strip cultivation
was better than alternate row cultivation with both Delicious (34:1)
and Wealthy (33:1). At the time of this writing the trees in the
strip-cultivated plot were much more vigorous and have darker green
foliage than the trees in the plot given alternate row cultivation.
The alfalfa sod plot -showed a significant increase in twig growth
over the grass sod even though the growth of alfalfa was sparse.
On account of the poor stand of alfalfa, however, these two plots
cannot be considered as having given this crop a fair test in this
location.
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Trunk Circumference
Measurements of the increase in the circumference of the trunk
were taken each year on all the trees. The measurements were made
with a steel tape, usually in late fall after growth had stopped for
the season. In order to make the measurements as consistent as
possible from year to year a white band at the point of measurement
was painted on the trunk at a point about half way up to the lower
limbs. In the older trees care was taken to remove the larger flakes
of rough bark before making the measurement. The data for trun.v
circumference in the different experiments are presented in the same
order as that for twig growth.
The St. Marys Experiment.—In Table 8 the records of the an-
nual increase in trunk circumference in Rome are given for the per-
iod 1916 to 1924 inclusive. It may be seen from either the totals or
the annual measurements that there were consistent differences be-
tween the plots which received nitrate of soda and those which did
not.
TABLE 8.—Effect of Fertilization on Trunk Circumference in the
St. Marys Experiment
Average Annual Increase in Trunk Circumfer-i
Plot Treatment ence in Inches Total
1918*
|
1919 1921** 1922 1923 1924 Increase
2 N P K 2.32 .79 2.22 1.39 1.22 .65 8.59
3 N P 2.52 .99 1.42 1.28 .88 .60 7.69
4 N K 1.99 .75 1.34 1.40 .66 .23 6.37
5 Check 1.40 .66 .29 .51 .94 .25 4.05
6 P K 1.79 .27 .85 .44 .67 .43 4.45
7 N P K 2.43 .89 1.70 .91 .37 .90 7.20
8 N P 2.10 1.02 1.75 1.06 .53 .61 7.07
9 N K 2.25 .36 2.47 .94 .75 .58 7.35
10 Check 1.45 .46 .41 .72 .25 .16 3.45
Increase for period of 1916-18. **Increase for period of 1920-21.
All treatments showed significant increases over the checks ex-
cept Plot 6, to which acid phosphate and muriate of potash were ap-
plied. The odds in this instance were only 2:1, which is not signifi-
cant. The results from the fertilizer applications in this experiment
as measured by the increase in trunk circumference correspond in
general with the differences shown by terminal twig growth. The
differences between the nitrogen plots were probably due to soil
variations.
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As pointed out in Bulletin 174, no records are available regard-
ing the size of these trees at the beginning of the experiment in
1911. It should be kept in mind, however, that this part of the or-
chard was chosen, for the experiment because of its uniformity. It
seems fair to assume, therefore, that the differences existing between
the plots at the time of this writing were due to the treatments and
that they were cumulative from 1911 to 1916, before the measure-
ments were taken, and also since that time.
The Sleepy Creek Experiment.—The annual increase in trunk
circumference was taken each year in this experiment from 1913 to
1924 inclusive. The data are summarized in Table 9. It will be
seen that there are a few instances in this table where no increase
in growth is shown. This is due to errors in measurement which
result from irregularities in the bark or slight variations in placing
or reading the tape; that this is the probable explanation may be
seen by comparing the figures on either side of these errors. Such
discrepancies, however, should not affect the totals appreciably, but
they do influence the odds in the comparisons by Student's method.
A "theoretical or calculated" check was used as the basis for
comparison in the trunk measurements as in the twig growths. The
increases in the different plots were not consistent. None of the
treatments in the Grimes block were significant when measured by
Student's method. In the Ben Davis section of the experiment ni-
trate of soda showed a significant increase in Plots 2 and 7. In Plot
5, which received acid phosphate and muriate of potash, the increased
growth was significant when compared with the checks as was true
in the plots receiving nitrate of soda. This single instance, how-
ever, cannot be considered suggestive in view of the results of other
experiments. A single plot of York receiving nitrogen (Number 2)
showed a significant increase in trunk circumference. The data on
the trunk measurements in this experiment agree in general with
those on the twig measurements. Emphasis will be placed, later
on, in this discussion, upon the probable reason for the general
trend of the results in this experiment.
The Rome Experiment.—Emphasis has already been given to
the relatively high initial fertility of the soil in this experiment and
also to the fact that the trees did not apparently draw heavily upon
the available food supply. This general condition was shown in the
data on twig growth in Table 6.
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It may be seen from Table 10 that the general trend of the data
on trunk circumference follows that on twig measurements in that
no significant differences appear between the plots receiving fer-
tilizer treatments. Up to the time of this writing this experiment
appeared to be in the same category as those in Pennsylvania and
New York where the initial soil fertility was sufficient to maintain
tree growth even with considerable fruit production.
The Cultural Experiment.—Turning now to the Cultural experi-
ment it may be seen that the different treatments in these plots
show as interesting differences in the trunk measurements as in the
twig measurements (see Figure 3). The data on trunk circumfer-
ences are included in Table 11.
Delicious with a legume cover crop in Plot 1, although light in
some seasons, gave a significant increase in trunk circumference
over Plot 2, which was seeded to a non-leguminous crop each year
(79:1). Wealthy, on the other hand did not show such an increase
(3:1). Stable manure, in Plot 3, which was cultivated, gave no
significant increase in trunk circumference over Plot 2, which re-
ceived no manure, with either Delicious (13:1) or Wealthy (20:1).
In Plot 4 (cultivated) acid phosphate and nitrate of soda were not
significantly better than was cultivation and a non-leguminous cover
crop in Plot 2 with either Delicious (13:1) or Wealthy (21:1). The
odds as measured by terminal twig growth were significantly in
favor of Plot 4.
There were no significant differences in trunk circumference
between cultivation and sod (Plots 4 and 8) when nitrate of soda
and acid phosphate were added to both, with either Delicious (7:1)
or Wealthy (9:1). When stable manure was added to both instead
of nitrate of soda and acid phosphate (Plots 3 and 9), there were
significant increases over sod with both Delicious (38:1) and Wealthy
(272:1). In Plot 9, manure gave about the same increases in trunk
circumference that nitrate of soda and acid phosphate gave in Plot
8. Alfalfa sod was not significantly better than a grass sod in this
orchard. Strip-cultivation was not significantly better than alternate
row cultivation with either Delicious (18:1) or Wealthy (3:1). An
additional mulch around the trees in Plot 11 did not give a signifi-
cant increase as compared with sod. In alfalfa Plot 7, Wealthy
made a better showing than did Delicious, but as noted in connection
with twig growth the alfalfa sod was not thick enough in the last
few years to make a fair comparison with sod.
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Size of Tree
Measurements of tree size were made in the Sleepy Creek Exper-
iment in the fall of 1923, in the Rome Experiment in the fall of 1924,
and in the Cultural Experiment in the spring of 1925. It was thought
that the size of the trees in the different plots would be a good
measure of the end result of the treatment and that it would also
serve as a check in studying the other growth records. Breadth of
tree was measured with a cloth tape and height of tree with a stadia
rod. Since these measurements showed that most of the trees ap-
proximated a half sphere, the volume was computed using the form-
ula V=4/3r)R3 where V equals the volume of the sphere.
The St. Marys Experiment.—In the St. Marys Experiment tree
size was greatly increased by the nitrate of soda applications as shown
in Table 12, the average volume of tree being from two to three
times that in the check plots (see Figure 4 on front cover). It will
be shown later that such differences in size have a bearing upon
fruitfulness. Plot 6, to which potash and acid phosphate were ap-
plied, had an average tree size about the same as that of the adjacent
check, (Plot 5). This is surprising in view of the increased growth
of grass and clover that resulted from the use of phosphate. The
nitrogen deficit in this soil was very large and apparently the
amounts being added by the clover over the ten year period were
not sufficient to affect the size of the tree. Differences in tree size
between the plots receiving nitrogen may be attributed to varia-
tions in initial soil fertility.
TABLE 12.—Effect of Fertilization on Tree Size in the St. Marys
Experiment (1924).
Plot Number 2 3 4 5 6 7 8 9 10
Treatment NPK NP NK Check PK NPK
5649
NP
5445
NK Check
Average Volume
of Top (cu. ft.)
6707 6639 6267 4061 3674 4861 2026
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The Sleepy Creek Experiment.—In Table 13 are given the tree
sizes in the Sleepy Creek Experiment. The values are not averages,
but are the actual tree volumes in cubic feet computed from measure-
ments taken in the
fall of 1923. Stu-
dent's method was
used again to de-
termine whether or
not any of the fer-
tilizer treatments
significantly i n -
creased the size of
tree. Results, in
general, corrobor-
ate those from ter-
minal twig and
trunk circumfer-
ence measure-
ments. None of the
treatments consist-
ently increased the
size of the trees. It
will be noticed that
a wide vaiiation ex-
isted in tree size
even in the same
plot. This would
Fig. 5.—Tree Injured by Root Cutting in Sleepy
Creek Experiment.
indicate that factors other than the treatments, such as soil varia-
bility, root injury, and possibly a stock relationship, were also in-
fluencing tree growth. A number of pictures were taken of trees
believed to have been injured by root cutting. One of these trees
-s shown in Figure 5. At the time this picture was taken on July
25, 1925. the leaves were smaller and many were falling on the side
where deep cultivation had been practiced.
The Cultural Experiment.—The effects of the different soil and
fertilizer combinations on tree size in the Cultural Experiment are
given in Table 14. See also Figures 6, 7, 8, and 9. Comparisons
were made of the different treatments by computing the average or
mena tree volume in cubic feet. The probable error of the mean
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TABLE 13.—Effect of Fertilization on Tree Size in the Sleepy Creek
Experiment.
Tree Volume in Cub ic Feet for Odds in Odds in
n
>
Plot Treatment Trees Numbe red Favor of
Treatment
Favor of
1
I
2
|
3
|
4
|
5 Check
1 Check 5268 7501 4496 5116
2 NP 6928 8740 8579 188:1
(fl 3 NK 6518 5385 6254 8740 6:1
£
4 NPK 4601 6518 6789 4189 2:1
5 PK 9070 5153 8904 5039 8904 16:1
O 6 Check 3354 4927 7799 4927
7 N 5747 8904 7649 5385 8:1
8 P 8904 2223 6789 4290 2638 even
9 K 6695 3803 2566 5039 4601 2:1
10 Check 13047 3185 3619 3354 1796
w 1 Check 2494 2864 2943 2424 3619
> 2 NP 6124 5268 5153 12626 6518 32:1
re
O 3 NK 5747 5385 6653 8105 98:1
4 NPK 4708 4817 3993 7649 11812 8:1
c 5 PK 4290 2032 5153 8419 3993 even
cu
m 6 Check 3103 5385 7649 5153 4817
7 N 6124 4601 1103 7649 6124 even
8 P 3803 4290 3529 7355 even
9 K 2788 4601 278S 4392 4927 2:1
10 Check 3022 3529 4091 4496
1 Check 7649 6789 4392 3993 5997
2 NP 8419 4189 5997 4817 6518 even
3 NK 6928 6254 6653 6254 4496 even
^
4 NPK 4927 5153 6124 7799 8579 21:
o 5 PK 4091 4927 2223 3993 4290 54:1
> 6 Check 7951 5997 6124 4290 6124
7 N 5385 10657 8579 8419 9:1
8 P 5153 4290 1527 2424 3441 103:1
9 K 4927 2638 1971 3354 2032 40:1
10 Check 3803 3803 4817 8419
was determined by using Bessel's formula. The average size of trees
as indicated by trunk circumference and twig growth was greater
in all plots which received fertilizer or cultural treatments than it
was in the untreated or sod plot. The different treatments were
also compared using the probable error of the difference.* When
a legume cover crop was compared with a non-legume cover crop
by this method (Plots 1 and 2) a significant increase in average tree
size was shown with Wealthy (142:1) but not with Delicious (2:1).
Anthony and Waring (1925) in Pennsylvania, with sixteen year old
Stayman, found a significant increase in growth with a leguminous
over a non-leguminous cover crop. Stable manure gave a signifi-
cant increase in tree size in Plot 3 over Plot 2 with Delicious (267:1),
but not with Wealthy (22:1). Annual cover crops of rye were sown
*This is found by taking the square root of the sum of the squares of the probable
errors of the two results. To secure odds of 30 :1 indicating that the difference is due to
something other than chance, the difference must be slightly greater than three times its
probable error.
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Fig. 6.—Average Tree in Cultivated Plot 4 Fertilized with Nitrate and Acid
Phosphate.
Fig. 7.—Average Tree in Cultivated Plot 2 Not Fertilized.
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Fig. 8.—Average Tree in Sod Plot 8 Fertilized with Nitrate and Acid Phosphate.
Fig. 9.—Average Tree in Sod Plot 10 Not Fertilized.
August, 1926] FERTILIZATION OF APPLE ORCHARDS 33
on both plots. In Plot 4, however, which received annual applica-
tions of nitrate of soda and acid phosphate, there was no significant
increase in average tree size over the average size in Plot 2 in the
case of either Delicious (14:1) or Wealthy (5:1). Trees in Plot 6,
which had a twelve foot strip in the row cultivated were not sig-
nificantly larger than trees in Plot 5 which was given alternate row
cultivation. Manure in Plot 9 and nitrate of soda and acid phos-
phate in Plot 8 (both in sod) strikingly increased the average size of
tree as compared with Plot 10 which was in sod but did not receive
any fertilizer. The trees on each of the fertilized cultivated plots
obtained an average tree size significantly larger than the average
in either sod Plot 8, which received nitrate of soda and acid phos-
phate, or sod Plot 9, which received manure. There were no sig-
nificant differences, however, when tree size in the fertilized sod
plots was compared with that in Plot 2, which was cultivated and
had an annual cover crop of rye but was never fertilized.
TABLE 14.—Effect of Treatments on Tree Size in the Cultural Ex-
periment.
Plot Treatment
Average Volume of Tree in
Cubic Feet
Delicious Wealthy
1 Cultivation and legume cover crop 1500±108 1301+ 67
2 Cultivation and non-legume cover
crop
1299+ 58 887+ 76
3 Cultivation, manure, and non-
j legume cover crop
1759+ 89 1307+ 121
4 Cultivation, nitrate, phosphate, and
non-legume cover crop
1618+ 102 1133+ 81
5 Sod and alternate row cultivation 813+ 76 639+ 57
6 Sod and strip cultivation 975+ 92 829+ 73
7 Alfalfa sod 760+ 37 597+ 44
8 Sod, nitrate, and acid phosphate 1045±73 916+ 112
9
_j 3od and manure 850+ 109 784+ 53
10 |Sod 244+ 20 441+ 40
11 Sod and additional straw mulch Discarded Discarded
12 Alfalfa sod 497+ 63 474+ 73
EFFECT OF FERTILIZERS AND CULTURE ON FRUIT-
FULNESS
In the preceeding section attention has been directed to the
influence of the different variables in the treatment upon tree growth.
A particular treatment may increase the growth of a tree but if it is
34 W. VA. AGR'L EXPERIMENT STATION [Bulletin 203
not accompanied by increased yield, either actually or potentially,
it is of questionable value from the practical standpoint. The in-
fluence of the different treatments upon fruitfulness was studied
in these experiments by bloom, set and yield, and color and size of
fruit. They are taken up here in the order given.
Bloom and Set
The St. Marys Experiment.—Table 15 includes the bloom and
set records in the St. Marys experiment for the past three years.
In Bulletin 174, it was shown that over a period of four seasons
the bloom in the nitrated plots was somewhat heavier than in the
other plots. The amount of bloom was figured for each tree
(Table 15) and these amounts were then averaged for the plot.
In the spring of 1918 when the bloom was heavy, actual counts were
made of flowers at bloom. From these counts the set was obtained
after the "June drop". That year in the nitrated plots receiving acid
phosphate the set was 5.16 to 6.66 per cent of the total bloom, while
in the check and nitrated plots receiving potash the set was 3.08
and 3.25 per cent, respectively. Acid phosphate and potash in Plot
6 did not increase the set (2.98 per cent) over that of the check.
TABLE 15.—Effect of Fertilization on Bloom and Set in the St.
Marys Experiment.
Per Cent Bloom Pe r Cent Set Per Ct.
Plot Treatment Set
1922* 1923 1924 | 1923** 1924f 1923ft
2 N P K 86.3 58.2 19.6 | 54.3 25.0 18.2
3 N P 78.6 57.0 20.9 | 56.1 20.4 27.6
4 N K 75.0 53.6 31.0 1 63.6 13.2 25.5
5 Check 59.8 29.3 28.8 45.0 16.8 14.2
6 P K 76.0 20.2 29.4 38.2 8.5 13.9
7 N P K 82.2 57.0 22.1 56.3 19.7 23.6
8 N P 85.2 60.0 19.4 1 56.6 31.0 36.5
9 N K 68.9 38.8 37.6 60.0 14.0 30.6
10 Check 46.2 12.4 27.9 | 35.5 7.8 15.1
Average Nitrogen Plots 79.3 54.5 24.1 57.6 19.8 26.3
Average Minus Nitrogen Plots 60.7 20.6 28.6 | 40.7 11.2 15.4
* Blossoms killed in bloom.
**Count made on May 22.
fCount made on June 6 ; no later count made.
ttCount made on June 22.
In the years 1922 to 1924, inclusive, the set was studied by still
another method. In determining the "per cent of bloom", in Table
15, representative limbs were selected, tagged, and the total number
of growing points, both terminals and spurs, counted. The number
of these growing points bearing flowers was then obtained. The
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per cent of bloom was then computed from these two values for
each limb, tree and plot. The per cent set was obtained later by-
counting- the spurs and terminals which had set one or more fruits
and was figured in terms of blooming growing points.
In studying the data in Table 15, it may be seen that bloom
and particularly the set was increased by the nitrate applications.
In the check plots even when the bloom was light most of the flowers
fell. Where muriate of potash and acid phosphate were added (Plot
6) neither the bloom nor set was influenced appreciably. Considering
the increase in the size of the trees and the increased bloom and set in
the nitrated plots when compared with the checks, it is evident that
these differences came about as a result of the nitrate applications,
a fact which has an important bearing upon production.
In addition to the increase in the bloom and the set, marked
differences were also noticeable in the blooming period in this ex-
periment. While flowers began to open at about the same time on
all plots, the blooming extended over a longer period in the nitrated
plots. The extension of this period was primarily a result of the
later opening of flowers on long terminals and laterals, of which
there were many more in the nitrated plots. Flowers from lateral
buds seldom set, however, except when spur and terminal bloom
were killed by low temperatures.
The Sleepy Creek Experiment.—It was difficult to secure
accurate data on blom and set in this experiment because the
bloom was so scattering in each of the three varieties. While
records were taken, the great variability encountered each season
in the amount of bloom in all plots made it impracticable to analyze
the data statistically. Figure 10 is a diagram of the estimated bloom
of each tree in the Grimes block of the experiment for 1924. Broken
lines surround areas in tops while solid lines surround areas in lower
parts of trees.
The trees in the plots of the other varieties showed much the
same variability. In some trees the bloom was scattered over the
entire tree and in others it was limited to one or more limbs. The
fullest bloom recorded on any tree in the block for the year was
70 per cent. Four trees did not bloom. The bloom record was taken
in this manner only the one year, but in previous years also bloom
was irregular and scattering. It is evident that this condition would
have a direct bearing upon production and this should be kept in
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mind in studying the yields. The factors entering into this abnormal
situation will be discussed in more detail later.
The Cultural Experiment.—The trees in the Cultural experiment
were just beginning to bear in 1924. Under the conditions of the
experiment, Wealthy came into bearing earlier than Delicious,
although planted alternately with it. A few of the Wealthy trees
bloomed in 1923, but in 1924 both varieties had what might be
called a scattering bloom, with more on Wealthy. The flowers
on Wealthy were nearly all axillary with a few terminal on
the longer growths, while on Delicious the bloom was on spurs.
Contrary to what might have been expected, the cultivated part of
the orchard produced the more bloom. It was interesting to note
the amount of the bloom on Wealthy in the cultivated plots just as
the trees were coming into bearing: In Plot 1, the average number
of flowers per tree was forty-two ; in Plot 2, fifteen ; in Plot 3, 105
;
and in Plot 4, thirty-five. The bloom was scattering on Delicious in
the cultivated plots. In sod Plots 8 and 9, the bloom was still
lighter, and it was only scattering on the other trees of the experi-
ment. This early bloom set fruit and showed an interesting tendency
in this experiment.
Yield and Size
The yield records were taken each crop-year in either bushels
or pounds. In the earlier report (Bulletin 174) some attention was
also given to color under the different treatments, but since then
the records were limited to quantity and size of fruit. Because the
trees are just coming into bearing in the Cultural Experiment, yield
records for this experiment are not included in this report.
In general, it may be said that yield is not as consistent a criter-
ion to use in gauging the effects of different treatments in an orchard
as is growth or even bloom, because the crop is so often reduced by
frosts, freezes, hail, drouth, or fungus diseases and insect injury.
The results from any plot experiments are also of necessity influ-
enced by the condition of the orchard. Nevertheless, since the suc-
cess of an orcharding enterprise must in the end be measured by
yield, the production in the different treatments in these experiments
is recorded here regardless of the irregularities in the crops from
year to year.
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The St. Marys Experiment.—In Table 16 the yields in the St.
Marys experiment are summarized for a twelve year period. It
will be noted tbat the crop was destroyed by frosts three times
during- this period, two of which occurred in succession.
In studying this table it may be seen that the nitrate applica-
tions had a marked and consistent influence on yield. On the other
hand, muriate of potash and acid phosphate (Plot 6) were seemingly
ineffective in increasing the yield. In both checks and the potash-
phosphate plot there was an increase in production up to the crop
year of 1915, but after that there was a constant decline to an ex-
tremely low figure in 1924. In 1915, the third year after the re-
juvenation program was started, the yield was heavy in all of the
plots, but especially so in those receiving nitrate of soda. In com-
paring the crop of 1915 with that of 1923, it will be seen that while
the yield in the nitrated plots was not much different there was a
marked decrease in the yield of the checks and Plot 6 which was fer-
tilized with potash and phosphate. This contrast further emphasizes
the influence of the nitrogen in maintaining both vigor and produc-
tion. The total yield in bushels in the nitrated plots gives another
measure of this influence over a long period of time.
The Sleepy Creek Experiment.—The general trend of the influ-
ence of nitrogen in this experiment was not so clear as in the St.
Marys test. Emphasis has already been placed upon the scattered
bloom in these plots, so it would hardly be expected that results
measured by yield would differ materially from those measured
by bloom.
When the yields since 1921 are studied, more uniform differ-
ences in favor of the nitrated plots are evident. As has been stated,
the nitrate applications were increased in 1921 from 1.5 pounds to
three pounds per tree, and in 1922 to four pounds per tree. Still
later, in 1923, five pounds per tree were applied, and this amount
was again increased in 1924 to six pounds per tree. In spite of the
irregularities in soil in this plot and the limits placed upon root
activity by shallow soil, erosion, and with some trees root cutting
from cultivation, the nitrate applications seemed to be building up,
fairly consistently, more productive trees. This was more notice-
able with Ben Davis than with Grimes or York. Further considera-
tion is given to this experiment in the general discussion.
The Rome Experiment.—In the Rome Experiment at Sleepy
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TABLE 18.—Effect of Fertilization on Total Yield in the Rome
Experiment.
Plot Treatment
Yield in Pounds
Total1918 1919 1921
|
1924
1 N P 167 39 760
|
1115 2081
2 N K 16 13 229 783 1041
3 N P K 169 21 203
| 998 1391
4 P K 6 13 267 1144 1430
5 Check 24 4 160 429 617
6 N 2 5 262 476 745
7 P 46 13 361 730 1150
8 K 6 4 403 429 842
Creek only four crops of fruit were harvested. The yield in pounds
for the entire period is given in Table 18.
The results of this experiment, measured in terms of yield, cor-
respond, in general, to those for twig growth or trunk circumference.
While all the plots gave an increase in yield over the one check,
the responses were so inconsistent that no conclusions can be drawn.
Apparently in this particular location the initial reserve of food sup-
ply was sufficient, although the possibility of cross-feeding has, as
previously noted, made it necessary to discontinue this experiment.
Effect of Nitrogen on Size.—The fruit harvested in the Sleepy
Creek Experiment was graded each year. The sizes of the grades
are shown in Table 19. For briefness in presentation, the weights
in the different grades of the three varieties, Grimes, Ben Davis, and
York were thrown together.
None of the treatments consistently increased size. If a still
broader grouping is made of all of the varieties into the "nitrogen"
and "non-nitrogen" plots, it may be seen that still no consistent in-
crease in size of fruit resulted from the nitrogen applications. When
rainfall during the summer months is considered, however, a marked
relationship may be discerned between the nitrogen applications and
size. This may be best seen by comparing the percentages in the
different grades in 1921 with those of 1924.
In 1921 more than seven inches of rain fell during August as
compared with less than two inches in 1924 (see Table 20). The
fruit in the nitrogen plots was larger in 1921 and smaller in 1924.
The increased size of fruit in the plots not receiving nitrogen was
very noticeable in 1924 to different observers passing through the
orchard. A study of the grades in Table 19, with reference to the
rainfall given in Table 20, will show clearly the effect of an -*de-
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TABLE 20.—Precipitation During the Summer Months at Martins-
burg Weather Station 1920-1924.
Years Months and Rainfall in Inches
July August September
1920 2.93 3.68 3.45
1921 2.24 7.59 3.65
1922 5.19 2.31 1.76
1923 3.90 2.92 3.10
1924 2.52 1.76 4.13
quate moisture supply upon size. Even the leaves had a more wither-
ed appearance in the nitrated plots during the dry season. Apparent-
ly under the conditions of a moisture deficiency the larger leaf area
of the nitrated trees was drawing more heavily from the developing
fruits than was the smaller leaf area of the non-nitrated plots.
DISCUSSION
The responses in growth and yield that the trees in the four
experiments made to the different soil and fertilizer treatments have
been presented and commented upon separately. Some of the more
general features of these experiments will now be taken up.
In the St. Marys Experiment nitrate applications influenced the
trees in three ways : (a) bloom and set of fruit were increased ; (b)
growth, whether measured by twig extension, increase in trunk cir-
cumference, or size of tree, was consistently and significantly in-
creiscd; (c) the yield was increased. It seems safe to conclude,
therefore, since these results agree with those of experiment stations
in neighboring states, that growth and fruitfulness in sod orchards
will be markedly and profitably increased by nitrogen applications,
especially on the less fertile soils.
In contrast to the results in the St. Marys Experiment the trees
in the Rome Experiment did not make a significant response to any
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of the fertilizer treatments. The orchard was planted on a virgin soil
which was more fertile than the soil in either the St. Marys or the
Sleepy Creek orchard. The trees in the untreated plots continued
to grow vigorously so it is not surprising that they failed to respond
to the nitrate applications.
In the Sleepy Creek Experiment as in the Rome Experiment, no
treatment consistently had a significant influence on either growth or
yield. The nitrated plots had heavier, greener foliage, but tree
growth and yield were so variable that the effect of the nitrogen
seemingly was masked. This variability is clearly brought out by
Figure 1, which shows individual tree yields and trunk circumference
increases from the time the experiment was started. A study of
this figure shows about as much variability under the same treat-
ment as between treatments. Some of the causes for this variability
have already been mentioned and a more detailed discussion of them
was given in a previous publication (Dorsey and Knowlton 1924).
It is believed, however, that the trend is toward greater growth and
better yields in the plots receiving nitrate and, with time, these plots
may be expected to forge ahead of the others.
It will be seen, therefore, that more or less marked differences
in growth and fruitfulness resulted from the various treatments given
in the four orchards under experimentation. In addition to the dif-
ferences already mentioned there are some more general features in
these experiments which should be emphasized.
In the St. Marys experiment the trees in the plots receiving
nitrate had heavy, dark green foliage in contrast to the small pale
green leaves of other plots. This difference was also noticeable in
the Sleepy Creek experiment with Grimes, Ben Davis, and York,
but the differences were not so evident as at St. Marys. In the
Rome experiment slight differences in foliage color or in leaf-fall
could be seen in some years between the nitrated and non-nitrated
trees, but not in others.
Theoretically, the increased clover growth in Plot 6 of the St.
Marys experiment which received acid phosphate and muriate of
potash should have returned sufficient nitrogen to the soil over a ten
year period to increase markedly the vigor of the trees. Actually,
the color and size of the foliage was about the same as on check
Plot 5.
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In the Cultural Experiment the trees in the four cultivated plots
(1 to 4) and the sod plots (8 and 9) receiving acid phosphate and
nitrate of soda or stable manure appeared to be of equal vigor al-
though the trees in the fertilized sod plots were smaller. The trees
in the strip-cultivated Plot 6 were more healthy and vigorous than
those in the alternate row cultivated Plot 5. The growth of the
rye cover crop in Plots 3 and 4 was very luxuriant as compared to
the rather weak growth on Plots 1 and 2. It seems probable that
this continual returning of organic matter to the soil may ultimately
result in a greater tree growth.
In the Cultural Experiment the several treatments were begun
when the trees were set out. The results, therefore, should throw
some light on orchard soil management up to bearing age. The
trees in the unfertilized sod plot made the least growth. At the
time of this writing they were in the "old tree" condition with small
yellow foliage and weak unfruitful spurs. The adjoining plots fer-
tilized annually with nitrate and acid phosphate, or stable manure,
responded in a striking manner to these treatments. Average tree
size was increased from two to five times in the seven year period
and the trees were beginning to bear at the time of this report.
Without doubt these applications of fertilizers will prove to be
profitable in the immediate future.
Plot 2, which had cultivation each year with a rye winter cover,
made about the same growth as either Plot 8 fertilized with nitrate
of soda and acid phosphate, or Plot 9 fertilized with stable manure,
both plots being in sod. It is, therefore, a question whether or not
it was profitable to cultivate in this orchard. The trees in the
cultivated plots grew more rapidly the first few years of the ex-
periment, but in recent years the trees in the fertilized sod plots made
as much, and in some cases more, growth than did the trees in the cul-
tivated plots. Undoubtedly the sod mulch, now well established,
caused this recent increased growth because of its ability to con-
serve moisture. Anthony and Waring (1925) noted during a dry
season in Pennsylvania that the per cent of moisture in all the sod
mulch plots was double that in the soil under cultivation except
where a plot was tilled continuously, and even in this plot the soil
had only about two-thirds as much moisture as in the grass plots.
Plot 3, cultivated and fertilized with nitrate and acid phosphate,
made fairly significant increases in growth over Plot 2, cultivated
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but not fertilized. It is doubtful, however, if the increased size was
worth the cost of fertilization.
Lack of soil moisture and nitrogen are undoubtedly limiting
factors in apple production in West Virginia. On the shallower
shale soils the problem becomes more acute. The grower can supply
the nitrogen at comparatively small cost by applying either nitrate
of soda or sulphate of ammonia, but moisture cannot be supplied
so easily. In the territory west of the Allegheny Mountains where
the average annual rainfall is 40 to 45 inches, moisture conservation
is not so important as in the Eastern Panhandle section where the
annual rainfall is 35 to 40 inches and drouths during the growing
season are of frequent occurrence. Where it is possible to get
growths of grass or clover sufficient to provide a mulch of decaying
organic matter several inches thick on the surface, it is probably as.
effective in conserving moisture as a dust mulch.
The Ohio Agricultural Experiment Station (Ellenwood 1925)
has shown that the cost of cultivation and cover crops in a young
orchard averages about $15 per acre more annually than the cost
of maintenance of a sod mulch without fertilizer. In the Cultural
Experiment the cost of fertilization averaged about $10 an acre each
year, leaving a balance in favor of the sod mulch system of $5 per
acre. Undoubtedly, this balance could be increased by reducing the
annual amount of both nitrate and acid phosphate applied without
seriously affecting the growth of the grass. While mice may cause
some injury to trees under the sod mulch system, less soil erosion
occurs, the orchard can be sprayed easier during wet seasons and;
the fruit can be kept cleaner at picking time than in a cultivated
orchard.
These differences in the response of apple trees to different;
treatments should now be considered in the light of some of the
more recent advances in the study of plant nutrition. Vegetative
growth and fruitfulness have generally been thought of as being
opposed to each other, but the work of Kraus and Kraybill v i918)
has, on the contrary, clearly established their interrelation. These
investigators postulate certain conditions regarding growth and fruit-
fulness based on the relative amounts of carbohydrates and nitrogen
available to the plant.
A young tree growing vigorously in a soil well supplied with
moisture and nitrates has a high nitrogen content and never ac-
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quires that surplus of available carbohydrates (sugars and starch)
that seems to be essential for fruit bud formation, because under
these conditions they are constantly being used in growth. Appli-
cations of nitrogenous fertilizers will keep such trees in this vege-
tative condition and delay fruitfulness. In this instance vegetative
growth appears to be "opposed" to fruitfulness. Light thinning out
of small branches and treatments that result in moderate growth
only will tend to bring about that accumulation of starches and
sugars that seems to be essential for fruit bud initiation.
With older trees that have already begun to bear there is more of
a balance between available carbohydrates and available nitrogen
which permits moderate growth, a carbohydrate surplus, and fruit
bud formation. With a marked decline in available nitrogen comes
waning vigor, larger accumulations of carbohydrates and unfruit-
fulness. In practice, apple trees which are bearing good crops of
fruit cannot, except by extreme methods, be brought to the vigor
of young trees—the vigor that results in too much vegetative growth
and too little fruit bud formation. In fact, in most orchards old
enough to bear, the trees lack vigor and are unfruitful because of
a lack of available nitrogen. In such orchards, treatments like prun-
ing, nitrating, or cultivating promote both growth and fruitfulness.
Partridge (1919) found that with Jonathan, Transparent, and Stay-
man the average yield per tree was correlated with increase in trunk
circumference. Similar results are reported by Shaw (1924) who
found that increased growth led to more abundant spur formation
which in turn produced more fruit buds.
In the experiments herein reported increased growth has gener-
ally been followed by increased fruitfulness. This is particularly
evident in the St. Marys experiment with Rome. Although no data
have been presented, the trend was in the same direction in the cul-
tural orchard—the more vigorous trees beginning to bear first. In
a more fertile soil the opposite condition would probably result with
these young trees.
Color of fruit was uniformly reduced by the nitrogen applica-
tions in these experiments. Mention of this was made in Bulletin
174. While much of this was due to greater shading and to later
maturity of the apples they are not the only factors involved. Apple*
fully exposed to sunlight on vigorously growing trees never acquire
the bright lively red color to the same extent and degree that apples
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on less vigorous trees do. This was particularly noticeable in 1925
on Wealthy in the cultivated plots of the Cultural Experiment.
Numerous investigators have shown that the carbohydrate con-
tent of rapidly growing trees is not as high as that of less vegetative
trees. Knudson (1916) and others have noted the close relationship
between the sugar content of a plant and pigment production. It
would seem, therefore, that the failure of fruit on highly vegetative
trees to color well is due in part to the smaller amounts of carbo-
hydrates present from which these red anthocyan pigments are syn-
thesized. If this be true, thinning out the tree will but partially solve
the difficulty. The grower, therefore, should be careful not to apply
excessive amounts of readily available nitrogen. Experience has also
shown that the later in the spring and early summer that these
fertilizers are applied, the greater is the deterrent action on color
production.
SUMMARY
The West Virginia experiments reported on in this bulletin
are four in number. Tree response to the different treatments was
determined from growth measurements, set of blossoms and fruit,
and from yield records. A brief review of each experiment with
the results obtained follows
:
The St. Marys Experiment with twenty-year-old Rome trees
was started in 1911, to study the effect of different combinations
of nitrate of . soda, acid phosphate, and potash upon tree behavior.
The orchard was cultivated until 1918 when it was seeded to grass
and clover. The results to date show marked increases in growth,
bloom, set of fruit, and yield from the use of nitrate of soda. Acid
phosphate increased cover crop growth only.
The Sleepy Creek Experiment was started in 1913 with nine
year old Grimes, York, and Ben Davis. The effect of applications
of nitrate of soda, acid phosphate, and muriate of potash, singly
and in combination, were studied in this experiment. This orchard
was cultivated and sown to annual cover crops. Nitrogen applica-
tions seemingly benefited the trees, but due to soil variability, root
cutting, and possibly a stock-cion relationship no consistently sig-
nificant differences between the different treatments were evident.
The Rome Experiment with one year old Rome trees was begun
in 1911. Cultivation with annual cover crops was practiced during
the duration of the experiment. The plan was similar to the plan
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of the one at Sleepy Creek. None of the treatments consistently-
influenced either growth or yield. The soil in this orchard was more
fertile than the soil in any of the other experimental orchards.
The Cultural Experiment was begun in a newly planted block
of Delicious and Wealthy in 1917 and had for its object a study
of some of the different systems of orchard management practiced
in West Virginia. Arranging the different treatments in ascending
order according to total amount of tree growth resulting in the seven
year period they stand as follows
:
1.—Sod without fertilizer.
2.—Alternate row cultivation.
3.—Strip cultivation.
4.—Sod with stable manure.
Sod with nitrate of soda and acid phosphate.
Cultivation with non-legume cover crop.
5.—Cultivation with stable manure and non-legume cover crop.
Cultivation with nitrate of soda and acid phosphate and non-
legume cover crop.
CONCLUSIONS AND RECOMMENDATIONS
Growth and fruitfulness can be maintained in the average bear-
ing apple orchard in West Virginia by cultivation, or by sod together
with early spring applications of either nitrate of soda or sulphate of
ammonia. Stable manure, if available, may be used instead but it
seldom can be obtained in sufficient quantities.
The grower must determine for himself whether or not the
trees in his orchard would be benefited by applications of nitrogenous
fertilizers. If the terminal growths average six to eight inches and
spur growth one quarter to one-half inches or more annually, with
large, healthy, dark green foliage, it is doubtful if nitrogen would
help. On the other hand if the terminal growth is under six inches
with only a few spurs making annual growths of one-quarter inch
or more, and the leaves tend to be small and pale green in color, ni-
trogen is probably needed.
In order to conserve moisture during the growing season soils
should have plenty of humus and a surface mulch of either dust or
decaying organic material. Cultivation and sod may be considered
as two distinct systems of soil management with different treat-
ments in each.
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The Cultivated Orchard
Cultivation can be practiced most effectively in orchards which
are fairly level and not subject to washing. If much soil erosion oc-
curs it will ultimately result in serious depletion of fertility. In the
cultivated orchard soil moisture may be conserved by the dust mulch
by preventing growth of weeds, and by keeping up the humus con-
tent of the soil by turning under cover crops. Nitrification is greatly
increased by better aeration and because of this, additional nitrogen
may not be needed, or if needed, can be applied in smaller amounts.
It is necessary that the organic content of the soil be maintained if
moisture is to be retained and if nitrification is to proceed actively.
The organic matter content of the soil can be maintained by turning
under cover crops or by the application of stable manure. Various
combinations can be used for cover crops. Experience will soon
indicate which one is the most profitable in a particular soil type
or locality. Rye with vetch will be found most suitable to West
Virginia conditions. The cover crop should be sown from the first
to the tenth of August. If soil is poor, 400 pounds of acid phos-
phate per acre should be applied and, in some soils, attention will
have to be given to liming. In the spring just before rye-heading,
the growth should be disced under. The orchard should then be
cultivated often enough to keep weeds down and maintain a dust
mulch until it is time to sow the cover crop again.
In the young orchard, intercropping may be practiced to advan-
tage using any of the cultivated crops such as corn, potatoes, or beans.
These crops should not be grown close to the trees so that their
roots will compete with those of the trees. A winter cover crop
should be planted as in the bearing orchard.
The Sod Orchard
Bearing orchards on ground likely to wash should always be left
in sod. In the sod mulch orchard the grass or clover should be
cut several times a year and either left on the ground as it falls or
placed around the trees. This acts as a mulch effective in conserving
moisture, and decaying gradually, adds organic matter to the soil.
In an Ohio experiment by Ellenwood (1925) the first cutting was
raked up around the trees. Nitrates seemingly are always low under
sod (Lyon, Heinicke, and Wilson 1923) so that additional nitrogen
August, 1926] FERTILIZATION OF APPLE ORCHARDS 51
in the form of nitrate of soda or sulphate of ammonia should be
added to maintain growth and fruit production. As under cultiva-
tion, the nitrate or ammonia should be applied around each tree
three weeks or so before bloom, starting- about two feet away from
the trunk and scattering uniformly to a distance of from four to six
feet beyond the spread of branches. An application at this time will
increase spur growth to a greater degree than if put on later. The
amount per tree will vary from three to ten pounds, depending upon
the size and vigor of the tree. If the growth of sod is light an appli-
cation of acid phosphate broadcasted at the rate of about four hun-
dred pounds per acre will help greatly. In the case of a legume sod in
acid soils, liming will be of great benefit. It will be several years
before sufficient sod growth is obtained to build up a good mulch
of organic matter. During this period lessened growth and yield
may result. Then as the moisture retaining quality of the mulch
begins to operate, growth will increase again, as in the Cultural
Experiment reported in this bulletin. Different kinds of sod may
be used. Orchard grass has been very satisfactory in the Cultural
Experiment. Sweet clover is being used extensively throughout the
state. Alfalfa makes an excellent sod where it can be grown satis-
factorily.
In a young orchard it is doubtful if the trees should be kept
in sod the first three or four years. If the site is such that soil wash-
ing will occur, cultivation should be practiced along a strip four or
five feet wide on each side of the rows of trees and perpendicular
to the slope leaving the center in sod to hold the soil.
Mice may often cause serious damage in the sod orchard. Var-
ious methods of control are advocated. Poisoning has given good
results. Where mice are not too plentiful a circular hoed area, five
feet or more across, around the tree will keep them in check. This,
should be done in late summer or fall.
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